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Abstract 
The key of augmented reality for e-commerce is the integrated presentation of virtual objects and real-world objects. 
In the current two mainstream models of integration, GPS in the GPS-based model couldn’t obtain data in real e-
commerce scene, and the camera-based 3D registration model requires dedicated camera equipment, which couldn’t 
meet the requirements of the application conditions. It was proposed in this model that the concerned object was split 
from the image, which was captured with the mobile phone camera, using Contour algorithm, and then, the Gabor 
filtering algorithm was used to obtain the features of real objects and these features were used to generate virtual 
objects. At last, the virtual objects and real objects were integrated and presented to users. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
In e-commerce and mobile commerce, augmented reality is one of the most important human-computer 
interaction techniques [1]. The key of augmented reality is the integration of the virtual objects and real-
world objects. In this way, virtual objects present information that real objects can’t show, and enhance 
the user's perception of real objects. 
The integration of virtual objects and real objects requires sensing devices to determine the virtual 
objects and the place where to put the virtual objects on real-world scene. According to the sensing device, 
integration models are classified into two classes: (1) GPS-based integration model[2]. In this model, GPS 
is used to obtain user’s location, and the gravity sensor and the video camera are used to obtain other data. 
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Based on the data and user’s location, the virtual objects are generated and integrated into the real-world 
objects; (2) the integration model of camera-based 3D registration[3]. In this model, the work of 3D 
registration requires the user pre-determine the camera's internal parameters, mobile phone camera is used 
to obtain images of real-world scenes. And then, the three-dimensional coordinate system in camera, the 
virtual three-dimensional coordinate system, and the real-world three-dimensional coordinate system are 
combined to establish a global affine coordinate system, in which, coordinates of the real scene and the  
virtual scene are converted to each other, so that the real-world objects and the virtual objects can be 
integrated. 
In e-commerce and mobile commerce environment, because procurement is often conducted in the 
room, where the GPS can’t be used due to unable to receive the signal, the first class of models can’t be 
employed. And in the second class of models, the devices for 3D registration are dedicated, which means 
they can’t be used in commerce. 
In this paper, the camera of mobile phone will be used to obtain images. In the images, the concerned 
real objects will be circled out using Contour algorithm, and Gabor filter will be employed to extract 
features of the real objects. And then, the features will be used to generate virtual objects, which will be 
integrated into real objects in images at last. 
2. Model Framework 
The proposed framework is show in figure 1. The framework includes six steps: 
• (1)The images are restored from video stream obtained from the camera from mobile phone; 
• (2)Contour algorithm is used to determine the edge of a concerned object from the image obtained in 
step (1) through the human-computer interaction; 
• (3)Multi-resolution features are extracted from the concerned objects by using Gabor filter 
algorithm[4];  
• (4)Based on the features extracted in step (3), SVM (Support Vector Machine) is used to identify the 
real object[5]; 
• (5)A virtual object and its information are generated based on the real object identified in step (4); 
• (6)The generated virtual object and information are shown outside the boundary of the concerned real 
object in mobile screen. 
Fig.1. The proposed framework 
3. Boundary determined by Contour algorithm 
In this model, Contour algorithm is used to determine the boundary of the concerned object. Currently, 
the common edge algorithms include Sobel algorithm, Canny algorithm, Roberts algorithm, Log 
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algorithm, etc. The advantage of these algorithms is that they have high accuracy. However, in this 
research, what we need is an algorithm that can form a closed boundary of the concerned object. And the 
Contour algorithm is used to obtain the closed boundary. 
Specifically, a grayscale contour algorithm is used to obtain the boundary. Pixels in the same gray 
contour have the following features: in 8-neighbors of a pixel, there are pixels with the higher (or lower) 
gray values. When the higher gray values were used, the contour would be called as a lower contour, and 
vice versa. According to the definition, the closed boundary can be obtained by using gray contour 
algorithm specified in the following steps:  
(1) A binary image is created by using equation (1). 
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In equation (1), ijH  is the grayscale value of the pixel in the position (i, j), and rH  is the grayscale 
value where to form contour; 
(2)On the image ijB , the edge is tracked to obtain the closed boundary. 
(3)For a new rH , HHH rr Δ+=
Where HΔ  is the difference of grayscale values defined by the accuracy. 
4. Features extracted from multi-resolution Gabor filter 
The two-dimensional Gabor filter is a set of plane waves with Gaussian envelopes. It can be used to 
accurately extract local features from images. And it has strong tolerance with displacement, deformation, 
rotation and scale changes and illumination changes. 
The filter is defined in equation (2). 
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where parameters u  and v  represent the direction and scale of the Gabor filter, ( )yxz , is the 
location of the pixel, σ  determines  the ratio between the window width and wavelength. 
In equation (2),  the first part in the square bracket determines the oscillation, and the second part is the 
DC component of compensation, to eliminate the dependence of the filter response on the absolute value 
of changes in image brightness. And wavelet vector is given in equation (3). 
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where 
v
u f
kk max= ,  and 8
πϕ uu = , where maxk   is the maximum frequency, and vf  is the scale 
factor.
In the application of Gabor filter, a set of wavelets including 16 Gabor filters are frequently used. 
These filters have four different scales and four different orientations. 
For example, the Gabor filter convolution, which was defined above, can be conducted with the image 
),( yxI = .
Features of different positions, orientations and scales can be obtained using equation (4). 
( ) ( ) ( ) ( )( )0200 * zIxdxIzzzJ kk ψψ =−= ∫       (4)
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In equation (4), * is the convolution operator. 
After convolution, each pixel in the image has 16 complex values. As the phase information in 
imaginary part is time-variant, so the amplitude information of the real part is employed as the feature of 
the image in this research,. 
An image shown in figure 2 (a) has 16 features show in figure 2 (b). 
Fig. 2. (a) the example image; (b) the features with 4 orientations and 4 scales 
5. Application
This integration model is applied to show detailed information of a user’s concerned commodity. At 
first, a video stream is captured using the mobile phone camera. And then, five frames of every second are 
restored from the video stream. 
Fig.3. (a) The concerned commodity with red boundary; (b) The integrated image of real objects and virtual objects 
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The function of “imcontour” in Matlab is converted into the native code of mobile phone by Matlab 
Coder. imcontour(I,n) draws a contour plot of the grayscale image I. n is the number of equally spaced 
contour levels. In this application, n=20 is used. In figure 3 (a), the closed red curve is the boundary of 
concerned commodity, which is computed using the function of “imcontour”. 
And then, Gabor filter is used to extract features of the image part of the concerned commodity. In the 
affine coordinate system, 36 features were extracted, and then SVM is used to identify the commodity 
based on the extracted features. After that, a virtual object representing the information of the commodity 
is generated and integrated into the real-world scene as shown in figure 3 (b). 
6. Conclusions 
In the current two mainstream models of integration, GPS in the GPS-based model couldn’t obtain data 
in real e-commerce scene, and the camera-based 3D registration model requires dedicated camera 
equipment, which couldn’t meet the requirements of the application conditions. 
In this research, a model of integrating virtual objects into real objects based on Contour algorithm and 
Gabor filter was proposed.  In the proposed model, Contour algorithm was used to split the concerned 
object from the captured and restored image, and Gabor filters were applied to extract features of the 
concerned object. 
The example in the part of application proves that the proposed model is feasible. 
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